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This thesis focused on the ecology of continental black-tailed godwits Limosa l. limosa 
in Portuguese  rice fields in January-February,  an important phase during their migration 
from  the  West  African  wintering  areas  to  the  northwest  European  breeding  sites.  The 
studied population has suffered a serious population decline, decreasing by as much as 50% 
since  the  1980s (Piersma,  1986;  SOVON,  1987;  SOVON,  2002;  Teunissen  & Soldaat, 
2005), and is now red-listed (IUCN, 2009). Several studies have associated the decline with 
the  intensification  of  farming  methods  in  the  breeding  grounds  in  northern  Europe 
(Beintema  et  al., 1995;  Schekkerman  &  Müskens,  2000;  Schekkerman  et  al.,  2008). 
However, little was know about the ecology of these birds outside the breeding season, both 
on  wintering  and  staging  areas,  information  that  is  necessary  to  underpin  long-term 
conservation efforts to maintain these spectacular long-distance migrants (Schekkerman et  
al., 2003). 
Part of the work presented here was aimed at establishing baseline information about 
the staging period in Portugal. As proposed by Beitema et al. (1995), the diet of black-tailed 
godwits in the rice fields appears to mostly comprise rice seeds (Lourenço & Piersma, 
2008a; Chapter 3). Moreover, the habitat use of the two subspecies of black-tailed godwit 
that co-occur in Iberia in late winter (Gunnarsson  et al.,  2005b; Gill   et al.,  2007)  was 
unravelled on the basis of the availability of individually marked birds of known breeding 
origin.  In  fact  the  two  subspecies  are  mostly  habitat-segregated,  with  islandica using 
estuarine habitats and limosa the rice fields, but with a small degree of overlap  (Alves et  
al., in press; Chapter 4).
Godwits are very selective in terms of habitat preferences in the rice fields: only fields 
that  are  flooded  and  ploughed  hold  sufficient  rice  to  attract  the  godwits  (Lourenço  & 
Piersma, 2008a; Chapter 3). Still, the availability of such fields seems to be sufficient, and 
farming  activities  during  the  staging  period  provide  new  foraging  options  through 
ploughing, allowing the godwits to sustain high levels of food intake despite the depletion 
of previously used rice fields (Lourenço  et al., in press b; Chapter 5). Godwits maintain 
high intake rates by moving towards new fields when the local food density falls below a 
certain  threshold.  This threshold  rice  density  was  measured  to  be  approximately  the 
necessary amount to maintain their daily energetic requirements (Lourenço et al., in press 
b; Chapter 5), suggesting that simple patch-leaving decisions can allow a forager to cope 
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with  food  depletion  and  optimize  habitat  use  despite  the  limitations  in  the  ability  to 
perceive food abundance (Griffen, 2009).
Our ability, quite unique for the present study system, to follow individual birds during 
both the their staging in Portugal and after arrival and during the breeding season in The 
Netherlands, enabled us to analyse whether the timing of the staging period is correlated 
with the timing of events in the breeding season. In migratory populations, each step of the 
yearly cycle may have downstream consequences for the following steps, in what has been 
named a “domino effect” (Piersma, 1987). Conditions found outside the breeding range can 
influence  the timing  of  departure  from the  non-breeding  grounds  (Marra  et  al.,  1998; 
Piersma et al., 2005) and arrival on the breeding grounds (Gill et al., 2001a; Norris et al., 
2003),  which can  then have  consequences  in  terms of  breeding success  (Hötker,  2002; 
Smith & Moore, 2005) as early breeders tend to be more successful (Tryjanowski et al., 
2004; Neto & Gosler, 2005; Drent et al., 2006). To some surprise, we found no evidence of 
such  a  domino  effect  in  black-tailed  godwits.  Despite  evidence  that  breeding  early  is 
advantageous for black-tailed godwits (Schroeder  et al., 2006; Schroeder, 2010), and that 
individuals  have well  set  schedules  that  are  repeatable  year  after  year  (Chapter  7),  the 
timing of staging in Iberia, and in particular the timing of departure from the staging area, 
are not correlated with the timing of reproductive events (Chapter 7).
Clearly the rice fields around the estuaries of the Tejo and Sado rivers are a critical 
staging area for black-tailed godwits. For a period of a few months, roughly 40% of the 
western limosa population migrates through this area (Lourenço et al., in press a; Chapter 
6). The current farming practices provide sufficient profitable foraging habitat for godwits, 
and at the moment this staging period does not seem to limit their ability to arrive early at 
the breeding grounds, nor have any clear consequences in terms of breeding success. With 
the data presently available, we can only conclude that the staging processes in Portugal are 
not contributing to the ongoing population decline of the continental black-tailed godwits. 
Still,  the  current  trends  for  a  reduction  in  the  rice-farmed  area  (FAOSTAT,  2009), 
modernized farming methods with drainage of the fields in winter (Lourenço & Piersma, 
2008a; Chapter 3), and predictions for a decease in rainfall in Iberia due to climate change 
(Goodess & Jones 2002) may change the conditions in the long-term.
125
Interactions between rice field management and bird abundance
Much  like  in  other  geographic  areas  (Elphick,  2000;  Maeda,  2001;  Richardson  & 
Taylor, 2003), the rice fields in Portugal harbour important numbers of several waterbird 
species  in  winter,  even  presenting  similar  densities  when  compared  with  local  natural 
wetlands (Granadeiro et al., 2007; Lourenço & Piersma, 2009; Chapter 2).  
The density of waterbirds wintering in the rice fields is influenced by farming practices. 
The two main farming variables are the presence of water and the timing of ploughing. 
During the growing period, when the crop is in the fields, the water levels must be carefully 
kept at the ideal levels to maximize yield. In southern Europe, the harvest takes place in 
October and November, while sowing only occurs in spring, so in winter, the period when 
rice fields use by birds is highest (Sánchez-Guzmán et al., 2007), water levels can vary. In 
some cases the rice fields are artificially drained in order to dry the stubble, that can then be 
burned. In other situations the rice fields are kept flooded artificially so that water helps the 
decomposition of plant material (Stafford  et al., 2006). Finally, there are cases where the 
water level is not controlled and depends only on the amount of rainfall. The ploughing of 
the fields can occur at any time in winter, so birds may find both ploughed and unploughed 
rice fields while wintering in these areas. Rice fields that are flooded and rice fields that 
have already been ploughed attract the most birds (Lourenço & Piersma, 2009; Chapter 2).
Flooding rice fields has been shown to be favourable for aquatic birds in California 
(Elphick & Oring, 1998, 2003) and the presence of open water increased the density of 
waterbirds  in rice fields in  Taiwan (Chan  et  al.,  2007).  The presence of  more birds  in 
flooded areas is probably linked with higher food availability. Within our study area storks, 
herons and egrets mostly prey on the introduced Louisiana crayfish  Procambarus clarkii 
(Correia,  2001) which  is  mostly found in  inundated  areas  (Marques  & Vicente,  1999). 
Other species like flamingo Phoenicopterus roseus and avocet Recurvirostra avosetta prey 
on small invertebrates from the water or the upper layers of sediment (Moreira, 1995b; 
Arengo & Baldassarre, 2002) and thus require at least some water to forage. Flooded fields 
also held the highest  densities of waste rice, that is spilled during harvest  (Lourenço & 
Piersma, 2008a; Chapter 3).  The presence of water can cause loss of rice seeds due to 
decomposition (Stafford  et  al.  2006),  but  the presence of granivorous passerines in dry 
fields quickly depletes the rice (Elphick, 2004). This depletion appears so severe that in our 
study area only flooded fields hold this important food source and can sustain black-tailed 
godwits. Accordingly, godwits showed a clear preference for flooded fields Lourenço & 
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Piersma, 2008a; Chapter 3).
The effect of ploughing on birds is less straightforward. In Japan bird abundance in the 
rice fields is negatively affected by ploughing (Maeda, 2001), possibly due to a reduction in 
seed availability (Shimada, 1999), while in Portugal the availability of rice seeds is higher 
in ploughed fields (Lourenço & Piersma, 2008a; Chapter 3). In California small waders 
were more common in ploughed fields, but overall bird densities were lower (Elphick & 
Oring, 1998; 2003). Our results suggest indeed that waders prefer ploughed fields, maybe 
because ploughed fields become levelled, reducing the presence of obstacles and allowing 
for  an  early  detection  of  predators,  conditions  favoured  by  waders  (Cresswell,  1994). 
Black-tailed godwit preference for ploughed fields seems to be explained by higher rice 
seed abundance (Lourenço & Piersma, 2008a; Chapter 3). Unlike waders, storks, herons 
and egrets  are more abundant in  fields yet  to be ploughed,  a  pattern that  fits  with the 
observation that invertebrate abundance and biomass are lower after human intervention in 
the fields (Marques & Vicente, 1999). 
Clearly, the way rice fields are managed in winter can have important consequences for 
the conservation of waterbirds. This is of particular importance as in many parts of the 
world  the  fast-paced  loss  of  natural  wetlands  due  to  drainage  and  other  human 
developments  forces  birds  away  from  their  original  habitats  and  into  human  made 
alternatives, namely rice plantations (Elphick, 2000; Lawler, 2001; Tourenq et al., 2001b). 
Maintaining part  of the rice fields flooded throughout the winter seems to be the most 
advantageous measure for the bird community. Unfortunately, this seems to go against the 
trend of modern rice cultivation, where most fields are drained in order to burn the stubble. 
Still,  burning  rice  fields  has  serious  consequences  in  terms  of  atmospheric  pollution 
(Badarinath et al. 2006) and some countries deemed this practice illegal (Elphick & Oring, 
1998). Also, the activity of foraging birds in flooded fields accelerates straw decomposition 
and reduces weed biomass, thus substituting for the effect of controlled burning (Bird et al., 
2000, van Groenigen et al., 2003, Manley et al., 2005). Instead of draining fields, blocking 
field drainage to help retain rainwater, a management method suggested for rice fields in 
North America (e.g. Elphick & Oring 2003, Manley et al. 2005), is likely to be beneficial 
both for farmers and bird conservation.
In  terms of  ploughing,  different  species  have different  preferences.  Since ploughing 
must take place in winter, but not necessarily at a specific time, we suggest that phasing the 
ploughing  activities  throughout  the  season  will  generate  a  mosaic  of  ploughed  and 
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unploughed  fields,  ideal  to  guarantee  that  all  species  can  find  their  ideal  habitat.  The 
presence of some set-aside fields can also be advantageous for northern lapwing Vanellus 
vanellus, common redshank Tringa totanus and white stork Ciconia ciconia (Lourenço & 
Piersma, 2009; Chapter 2). In the case of black-tailed godwits, the large size of their flocks, 
and the limited availability of the rice seeds they forage on leads to a fast depletion of the 
available rice fields (Lourenço et al., in press b; Chapter 5). Since the ploughing of the rice 
fields increases the availability of rice seeds,  phased ploughing will guarantee that  new 
foraging options will  become available along the staging period,  assuring that  the high 
levels of food consumptions necessary to fuel-up for migration can me maintained.
Foraging site selection in a constantly changing food-landscape
During the staging period, in Portugal, godwits are faced with a constantly changing 
distribution of the rice seeds that form the bulk of their diet (Lourenço  et al., in press b; 
Chapter 5). During staging episodes, migrants often gather in large numbers in small areas, 
which leads to a fast depletion of the food resources (Schneider & Harrington 1981; Moore 
& Yong 1991; Székely & Bamberger 1992). This was the case in our study area, where food 
densities decreased by an average 50% due to godwit feeding activity. On the other hand, 
due to farming activities, new fields become available along the staging period. 
Black-tailed godwit  food intake rates  in  the rice fields  matched  the expectations  of 
Holling's functional response curve, increasing logistically with increasing food densities 
(Holling 1959; Piersma  et al. 1995). This fit allowed us to estimate the rice density that 
would correspond to the necessary rice intake rates to sustain the allometrically predicted 
daily energetic requirement. The final rice densities measured after the godwits stopped 
using a field were closely matched to this value estimated from the model, suggesting that 
indeed this was the food density threshold below which birds react by moving to a new 
field (Lourenço et al., in press b; Chapter 5).
This result suggested that, in order to maximize food intake during their staging period, 
godwits  follow  a  simple  patch-leaving  decision  (Griffen,  2009).  In  fact, individually 
marked birds sighted in the area moved towards fields of higher rice density much more 
than expected by chance alone, and these birds increased their intake rates after making 
such a move (Lourenço et al., in press b; Chapter 5). By following this patch-leaving rule 
black-tailed  godwits  were  able  to  cope  with  food  depletion  and  capitalize  on  the  new 
foraging  opportunities  provided  by  farming  activities,  maintaining  a  constant  average 
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intake rate  over  the entire  duration of  the staging period.  This  average  intake rate  was 
roughly 40% higher than their daily energetic requirements which is certainly necessary to 
sustain the extraordinary energetic requirements faced by a staging migrant (Zwarts et al., 
1990; Wikelski et al., 2003; Bowlin et al., 2005). Throughout the staging period we scored 
the plumage of random sets of 100 birds,  and later scored in the same manner colour-
marked individuals spotted in the breeding area,  which clearly showed that body moult 
takes place while staging in the rice fields (Fig. 8.1). Moult can be costly, especially for 
migrants that are time-stressed and need to quickly accumulate energy. In a closely related 
species, the bar-tailed godwit Limosa lapponica, moult was estimated to represent only 7% 
of the costs of the simultaneous energy storage at a staging site, still only the individuals in 
a good nutritional conditions were able to afford it (Piersma & Jukema, 1993). Black-tailed 
gowits staging in Portuguese rice fields are clearly able to moult (Fig. 8.1), which seems to 
confirm they are in a good nutritional condition. 
Figure 8.1: Average plumage scores (1-winter plumage to 5-bright breeding 
plumage) for the back (in black) and breast (in grey) of birds scored in the 
staging areas (circles) and in the breeding area (diamonds). Godwits arrive in 
the staging area with their winter plumage and undergo the full body moult 
there as no further increase seems to occur in the breeding area. Staging area: 
n=100 birds each day; Breeding area: n=1-12 birds each day. All individuals 
scored by the same observer.
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Also, from a sample of 39 birds captured in the rice fields close to the end of the staging 
period, all but two were estimated to have sufficient body stores to perform direct flights to 
breeding  areas  in  The  Netherlands  (Alves  et  al.,  unpub.  data)  according  to  a  flight 
simulation model (Pennycuick, 2008). 
Both the moulting and the accumulation of energy stores are evidence that these birds 
are ingesting energy well above the daily requirement for maintenance, and underline the 
importance of maintaining the high intake rates  that  are allowed by frequently moving 
towards new foraging locations as soon as intake rates fall below the critical threshold.
Staging duration, population size and the international importance of Portuguese rice 
fields
The counts in Portugal give evidence of an ongoing decline in this population. Despite 
the large number of godwits currently staging in the studied rice fields, the current peak 
counts of roughly 45000 are over 40% lower than numbers counted in the early 1990s 
(Lourenço  et al.,  in press a;  Chapter 6).  This tallies well  with declines observed in the 
breeding areas (Piersma, 1986; Teunissen & Soldaat, 2005; Schroeder et al., 2009b).  The 
staging period lasts between late-December and early March, with peak numbers occurring 
in the second half of February. Individual godwits remain in the area for an average of 22-
25 days, which is similar to observations in other staging sites in Spain (J.A. Masero et al. 
unpub. data). However, individual staging duration is not constant throughout the whole 
period, instead it increases towards the end possibly because birds delay departures in order 
to leave simultaneously.
An important aspect of the dynamics of the staging period is the turn-over of birds, 
which often masks the real numbers migrating through a staging site (e.g. Frederiksen et al. 
2001, Schaub  et al. 2001). When this was taken into account, the number of black-tailed 
godwits migrating through Portuguese rice fields was considerably higher than the peak 
counts, reaching 53100-59200 birds. Since the western  limosa population has now been 
estimated at 135,000-140,000, this staging site as a whole harbours roughly 38-44% of the 
population (Lourenço et al., in press a; Chapter 6). The rice fields around the Tejo and Sado 
estuaries are not a continuous area, the rice fields are scattered around the valleys of the 
main rivers and their tributaries, which expand far beyond the limits of the estuaries. This 
poses a problem for the conservation of this population because even though the estuaries 
are recognized for their importance for biodiversity, many of the rice fields are outside the 
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local protected areas (Lourenço et al., 2009). 
Repeatable migration schedules and lack of evidence for domino effects
Migrants  often  show repeatable  individual  schedules  year  after  year.  This  has  been 
reported for the timing of departure from the non-breeding grounds (Rees, 1989; Battley, 
2006; Chapter 7), for the timing of arrival at the breeding grounds (Møller, 2001; Bêty et  
al., 2004; Gunnarsson et al., 2006; Chapter 7) and for the timing of egg laying (Sydeman & 
Eddy, 1995; Bańbura & Zieliński, 2000; Chapter 7). Such a consistency in migratory and 
breeding schedules may reflect a strong genetic component to these behaviours (Pulido & 
Berthold,  2003),  but  could  also  be  explained  by  individual  specific  developmental 
trajectories (Gienapp et al., 2008; Hendry et al., 2008; Teplitsky et al., 2008), as phenotypic 
plasticity can lead to adaptations to the environment without genetic variation (Teplitsky et  
al., 2008).
In  black-tailed  godwits,  the  arrival  dates  of  males  and  females  are  correlated 
(Gunnarson et al., 2006b; Chapter 7), both when considering the average arrival date of all 
males and females in each year and when considering birds known to be paired. Males 
arrive  on  average  2.5  days  earlier  than  females  which  is  consistent  with  the  expected 
protandry of non-polyandrous species (Oring & Lank, 1982; Morbey & Ydenberg, 2001).
Individual schedules seem to be tightly set and well matched to that of their partners. 
Also, there is evidence that early breeding is advantageous in black-tailed godwits and that 
this benefit for early breeding is perceived by the birds (Schroeder et al., 2006; Schroeder, 
2010).  Such  constraints  would  be  expected  to  cause  a  domino effect  during migration 
(Piersma, 1987), with birds that are early leaving the winter grounds or in the staging areas 
being the first to arrive in the breeding areas and breed (e.g. Tryjanowski et al., 2004; Neto 
& Gosler, 2005; Vergara et al., 2007). 
Surprisingly, no evidence for such domino effects was found. The timing of the staging 
period is not correlated with the timing of arrival in the breeding area, and neither of these 
events is correlated with the timing of egg laying (Chapter 7). Also, there is evidence that 
these birds fail to breed as early as they would be expected to (Schroeder, 2010).
Apparently,  different  individuals  follow  different  strategies.  The  duration  of  the 
migration between the staging areas and the breeding areas can vary from less than a week 
to over four weeks. This variation is likely to reflect whether these individuals fly directly 
to the breeding areas, or either make further stop-overs along the French coast. Stopping in 
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France  can  reduce  the  risk  of  facing  adverse  weather  conditions  upon  arrival  on  the 
breeding grounds, as these conditions will be easier to predict from a closer staging area 
(Newton, 2008) but imply a higher mortality risk due to hunting pressure in France as long 
as the spring hunt is allowed (Gill et al., 2007). 
Also the time spent between arriving at the breeding area and actually laying the eggs 
varies considerably. This variation does not seem to be random. In fact, early arriving birds 
tend to wait longer before breeding than late arriving birds (Chapter 7). Although the exact 
cause behind this unexpected result is not yet clear, we have speculated that the current 
presence of very large concentrations of barnacle geese Branta leucopsis in one part of the 
Dutch study area, the Workumerwaard, where most of the present work was carried out, 
during the first half of the godwit breeding season limits the availability of good-quality 
nesting locations, because the grass in the meadows is kept short by grazing geese. There is 
some  evidence  supporting  this  hypothesis.  An  exclusion  experiment  made  in  the  area 
showed that vegetation height was on average twice as high in areas where the geese were 
not allowed to graze than in random locations in the same meadows (Fig. 8.2).   
Figure  8.2:  Variation in  vegetation heights  along the breeding season in  goose 
exclosures (n=8; 4 measurements in each exclosures of 3x3m), in random location 
in the same meadows (n=8; 4 measurements in each location within an area of 
3x3m) and in recently initiated godwit nests (n=2-19; 4 measurements within 1m of 
the nest).
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Also,  measurements  within  1m of  recently initiated  godwit  nests  indicated  that  the 
vegetation height there was higher than that measured in random location, but not as high 
as in the goose exclosures (Fig. 8.2). This seems to confirm that godwits nest in the few 
available patches where the vegetation height is higher than average, but cannot find sites 
where the vegetation is as high as would be possible without the impact of the geese. This 
could  force  godwits  to  postpone  egg  laying  until  more  nesting  locations  with  higher 
vegetation become available. Still, this possible effect of geese grazing is only limited to 
the Workumerwaard and thus cannot explain delayed egg laying in other areas. There is 
evidence  that  meadow  birds  are  advancing  egg  laying  dates  across  The  Netherlands, 
possibly because of increased use of fertilizers and climate change (Beintema et al., 1985; 
Both et al., 2005b), but this is not the case in black-tailed godwits, at least since the 1970s 
(Schoeder, 2010; Kleijn et al., in press) which suggests that some further overlaying factors 
deter these birds from laying earlier.
Godwit conservation and the future of rice farming in Portugal
We have established that the rice fields around the Tejo and Sado estuaries are a critical 
staging  area  for  black-tailed  godwits  migrating  from  West  Africa  to  The  Netherlands. 
Moreover, only rice fields that are flooded and that are ploughed early enough will provide 
profitable feeding conditions.
Modernization of rice farming and a lack of economic incentives for farming rice are 
likely to peril  the current  conditions found by godwits is  Portugal.  We believe that  the 
implementation of “godwit-friendly” management guidelines for rice farmers in the lower 
valleys of the Tejo and Sado rivers, namely ensuring that part of the rice fields are kept 
flooded  in  winter  and  phasing ploughing  activities  to  ensure  the availability of  newly-
ploughed fields throughout the winter, are the key to protect this staging site. 
One of the problems with this is that a large part of the rice plantations used by godwits 
are not under any legal protection. In fact, of the 12 surveyed rice field sites that on some 
occasion held over 1% of the overall population (1400), only 4 are completely inside the 
local  Special  Protection Areas,  3  are  partially inside,  and the  other  5  are outside.  This 
means that overall only 27% of the total rice field area used by godwits is under some legal 
protection (Table 8.1). In many of these sites hunting is allowed. Although godwit hunting 
is  prohibited,  the rice fields  are visited by many hunters  looking for  snipes,  frequently 
causing  significant  disturbance  to  the  foraging  godwit  flocks  (European  Communities, 
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2007). It is also possible that some poaching takes place when hunters are presented with 
large flocks of godwits while searching for other birds. Also, for most of the area there is no 
management plan, and no guarantees that the current farming scheme, which is favourable 
for the birds by maintaining flooded fields and with ploughing starting early in the winter, 
will  remain  unchanged  in  the  future.  Finally,  the  two  most  important  sites,  Paúl  de 
Belmonte and Samora Correia are respectively within 7 and 13 km of the chosen location 
for the new international airport of Lisboa, which is under planning at the moment. Not 
only are the sites close to the possible future airport, but the flight route of the birds when 
moving between these locations and their nocturnal roost in the salt marshes bordering the 
Tejo  estuary  are  likely  to  come  even  closer  to  the  airport  site  with  potentially  dire 
consequences for both godwits and air traffic (Lourenço & Alves, 2009).
Table 8.1: Summary of the 12 rice field sites where over 1% of the population was counted, including 
site area (ha) and proportion included in the local Special Protection Area, the maximum count, the % 
of the population included in that count (assuming the maximum estimate of 140000 birds), and the 
winter in which the maximum count occurred.
Site Area (%SPA) Max. Count % Population Winter
Paúl do Trejoito 202 (0%) 18000 12.9% 2006/07
Paúl de Belmonte 496 (0%) 38000 27.1% 2006/07
Samora Correia 532 (0%) 35600 25.4% 2008/09
Giganta 246 (100%) 4000 2.9% 2008/09
Zambujal 50 (100%) 7500 5.4% 2007/08
Agualva 44 (13%) 3850 2.8% 2008/09
Marateca 8 (0%) 3250 2.3% 2006/07
Palma 216 (0%) 11000 7.9% 2006/07
Alcácer do Sal 145 (59%) 2790 2.0% 2006/07
Montevil 98 (100%) 19000 13.6% 2007/08
Monte Novo 60 (100%) 2300 1.6% 2008/09
Comporta 117 (39%) 10000 7.1% 2005/06
All rice fields 2214 (27%) 46700 33.4% 2006/07
It is also critical that these rice cultivations continue to exist. In the last five decades the 
area covered by rice crop in Portugal decreased by almost 40% (Fig. 8.3). This negative 
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trend  is  due  to  both  abandonment  of  previously  explored  plantations  and  because  of 
substitution by other crops,  namely maize (GPP, 2008),  which is  of  considerably lower 
value for biodiversity (Kirk  et al., 2001; Laiolo, 2005; Kopij, 2008). These changes are 
caused by a decrease in the profitability of rice production. Since most of these farmers are 
subsidized by the EU (GPP, 2008), the continuity of rice farming around the estuaries of the 
Tejo and Sado rivers and the implementation of farming practices that are compatible with 
biodiversity conservation depend on the European Common Agricultural Policy (CAP) and 
its enforcement by the Portuguese state.
Figure 8.3: Evolution of rice production in Portugal between 1961 and 2007 
(FAOSTAT, 2009). The grey lines represent the total production (Mt) and 
the black lines represent the total area (x 1000 ha) occupied by this crop.
To guarantee  that godwits will continue to find favourable condition in the long term 
during their staging period in Portugal, it is critical that rice farming is not substituted by 
other  crops and that  management  guidelines  are implemented by the local  farmers  and 
farming cooperatives. Ideally, the rice plantations used by godwits should be included in the 
local protected areas, to facilitate the enforcement of the suggested guidelines, and hunting 
in these areas should be banned for the duration of the black-tailed godwit staging period. 
Continued monitoring of this staging area should establish whether any of the resulting 
policies are successful.
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